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Abstract 
The emergence of biomolecular homochirality is a critically important question 
about life phenomenon and the origins of life. In a previous paper (arXiv:1309.1229), 
I tentatively put forward a new hypothesis that the emergence of a single chiral form 
of biomolecules in living organisms is specifically determined by the electron spin 
state during their enzyme-catalyzed synthesis processes. However, how a 
homochirality world of biomolecules could have formed in the absence of enzymatic 
networks before the origins of life remains unanswered. Here I discussed the electron 
spin properties in Fe3S4, ZnS, and transition metal doped dilute magnetic ZnS, and 
their possible roles in the prebiotic synthesis of chiral molecules. Since the existence 
of these minerals in hydrothermal vent systems is matter of fact, the suggested 
prebiotic inorganic-organic reaction model, if can be experimentally demonstrated, 
may help explain where and how life originated on early Earth. 
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1. Background  
Symmetry is a fundamental aspect of nature. For example, certain molecules can 
occur in two enantiomeric forms. Common chemical synthesis always produce equal 
amount of these two forms. In living systems, however, this symmetry is broken. 
Naturally occurring proteins are composed of L-amino acids but no D-forms, whereas 
RNA and DNA contain D-form ribose and deoxyribose. Since the first discovery of 
molecular chirality by Pasteur in 1848 [1], the reasons behind those observations still 
remain a giant puzzle. 
In a previous paper [2], I put forward a hypothesis that the emergence of a single 
chiral form of biomolecules in living organisms is specifically determined by the 
electron spin state during their enzyme-catalyzed synthesis. In the enzyme-promoted 
reaction, electrons released from a coenzyme, e.g., NAD(P)H, are heterogeneous in 
spin states; however, when passing through the chiral α-helix structure of the enzyme 
molecule to the other end of the helix, they experience the electrostatic potential and 
the inherent magnetic field of the molecule; their spin states are filtered and polarized, 
producing only “spin up” or “spin down” electrons; once the spin-polarized electrons 
participate a reductive reaction for the synthesis of a biomolecule, only L- or D- 
enantiomeric configuration is formed.  
Then how could a homochirality world of biomolecules have formed in the 
absence of enzymatic networks before the origins of life? In this paper, I will talk 
about the spin properties of electrons in transition metal sulfides, such as 
ferromagnetic Fe3S4, paramagnetic ZnS and doped diluted magnetic ZnS, and their 
possible roles in the prebiotic synthesis of chiral molecules, based on the 
hydrothermal vent theory for the origins of life. 
 
2. Hydrothermal vents and the origins of life 
A hydrothermal vent is a fissure in a planet's surface from which geothermally 
heated water issues. At the bottom of an ocean, seawater infiltrates deep down into the 
earth’s crust through cracks. After being heated by magma chambers, newly-born heat 
ocean crust, or the thermal energy released by serpentinization processes, the water 
with temperature up to 400 ℃ seeps through the crust, experiences complex water 
rock interactions (WSI), and then rises back into the ocean, carrying a lot of organic 
and inorganic components. Due to the high hydrostatic pressure (tens of millions of 
pascals) at the bottom of the ocean, water may exist in either its liquid form or as a 
supercritical fluid at such high temperatures. During the WSI, metals and hydrogen 
sulfide get dissolved out of the rock. The thermal fluid rises and gushes out of the 
rock as hot vent. When the fluid mixes with the cold seawater，metal sulfides like iron 
sulfide precipitate, forming chimney structures. The gushing thermal fluid and black 
precipitates are vividly called “black smoker”.  
Since the discovery of the first submarine hydrothermal vent in 1977 [3], it has 
been frequently argued as a congenial site for the origin of terrestrial life [4-8]. This 
scenario makes sense and rapidly gained ground because many primitive organisms 
were found near the vents [9]. In fact, this discovery is only one of several reasons why 
in the last thirty five years interest has been focused on hydrothermal vents in general 
as potential sites for life’s origin. Some other aspects are listed as follows: 1) the high 
temperature and high pressure supercritical fluids containing a large amount of 
organic and inorganic components help the prebiotic synthesis of biomolecuels [10-12]. 
2）The minerals could have acted as a catalyst, a template and a power source for the 
prebiotic synthesis of biomolecules, the crucial evolutionary nascence of ancient 
metabolic pathways, and the emergence of the first cells (vesicles) [5, 7, 13]. 3) The 
hydrothermal systems are about the only niche where primitive life would have been 
protected against extensive meteorite impacts on early Earth and partial vaporization 
of the ocean [12]. 4) In 2000, Rasmussen [14] reported a discovery of pyritic filaments 
in a 3,235-million-year-old deep-sea volcanogenic massive sulfide deposit from the 
Pilbara Craton of Australia. The fossil remains of thread-like microorganisms which 
were probably thermophilic chemotropic prokaryotes. 5) In all extant life-forms, there 
exists a family of iron-sulfur proteins [15, 16]. The Fe-S clusters at the active centers of 
those proteins are similar to some sulfide minerals. For instance, the Fe4S4 
‘thiocubane’ unit in carbon monoxide dehydrogenase and ferredoxins looks very like 
the Fe4S4 ‘cubane’ unit of greigite, Fe3S4 [7, 17, 18]. Therefore, a notion has been 
entertained that iron-sulfur proteins may evolve from those mineral structures 
sequestered by primordial abiotic short peptides, and the whole to act as the first 
electron transfer agents, hydrogenases and synthetases [19].  
Among the various sulfide minerals composed black smoker chimneys, the 
original major precipitate is amorphous FeS [5], which may further evolve into 
mackinawite, greigite, pyrrhotite, and ultimately end up mainly as pyrite. In the 
presence of certain organic molecules, however, the amorphous FeS can be selectively 
transformed into greigite, a ferromagnetic mineral [20]. Both these two minerals may 
have played roles of key importance in prebiotic chemistry [5, 7]. 
ZnS is another concernful component of submarine chimneys. Among all metal 
sulfide species therein, ZnS precipitates more slowly [21]. In addition, Zn can be 
stripped and remobilized from buried chimney fragments, and concentrated at the 
seawater interface due to some hydrothermal geological activities [22]. Therefore, ZnS 
is a prevalent constituent at the periphery of hydrothermal deposits, well known as 
sphalerite. Zinc sulfide (ZnS) is an n-type semiconductor characterized by a wide 
bandgap of about 3.6 eV. It can absorb UV light with a wavelength shorter than 344 
nm to produce photoelectron/hole pairs and catalyze redox reactions [23]. The reaction 
of the photoelectron with an adsorbate leads to the reduction of the adsorbate, while 
the hole induces oxidation reactions. This property of ZnS could not only make 
possible the carbon/nitrogen fixation [24, 25] and molecular chain extension processes 
[26-28] to form organic molecules, but also help maintain the redox homeostasis 
between certain biomolecules [18, 23, 29, 30]. If the hydrothermal vents on early Earth 
were located at a shallow depth no more than 100 m which consisted of the “photic 
zone” of primitive ocean, sunlight could penetrate the waters of early Earth to trigger 
prebiotic synthesis on ZnS surfaces [29, 30]. In hydrothermal fluids, Fe, Ni, and Cu are 
more common than Zn. They always occur in the form of pyrite (FeS2), pentlandite 
((Fe,Ni)9S8), chalcopyrite (CuFeS2), etc [31, 32]. In early hydrothermal vents, whether 
during the formation of pristine ZnS or its remobilization and reprecipitation at the 
seawater interface, these transition metal ions may co-deposit with ZnS, forming new 
energy levels in the band structure of ZnS. This doped ZnS may not only response to 
longer wavelength light (> 344 nm, even visible light) [33, 34], but also from dilute 
magnetic semiconductor [35-38]. 
 
3. Electron spin properties in ferromagnetic Fe3S4, paramagnetic 
ZnS and doped dilute magnetic ZnS 
3.1 Greigite (Fe3S4) 
Greigite (Fe3S4) is an iron thiospinel, which has the same crystal structure as 
magnetite (Fe3O4) and crystallizes in the inverse spinel structure. Greigite is 
ferrimagnetic, with the spin magnetic moments of the Fe cations in the tetrahedral 
sites oriented in the opposite direction to those in the octahedral sites, and a net 
magnetization. It is a mixed-valence compound, featuring both Fe2+ and Fe3+ centers 
in a 1:2 ratio. Both metal sites have high spin quantum numbers. The electronic 
structure of greigite is that of a half metal [39]. 
Half metal is an extreme case of completely spin polarized material because its 
electronic state is metallic for one spin direction and insulating for the other. In other 
words, a half-metal acts as a conductor to electrons of one spin orientation, but as an 
insulator or semiconductor to those of the opposite orientation. This results in 
conducting behavior for only electrons in the first spin orientation. If the 
magnetization of the materials is reversed, the spin direction also reverses. Thus, 
depending on the direction of magnetization of a material relative to the spin 
polarization of the current, a material can function as either a conductor or an 
insulator for electrons of a specific spin polarization.  
The spin polarization is defined as the ratio of the density of states of up-spin and 
down-spin electrons at a Fermi level, P=(D↑-D↓)/( D↑+D↓), as shown in Fig. 1. For 
normal metals or paramagnetic materials, P=0 since the densities of states of up-spin 
and down-spin electrons are equal. For ferromagnetic materials such as Fe and Co, P 
is larger than 0 but smaller than 1 because the density of state of up-spin and 
down-spins are different. However, if a material has a band gap in the minority band 
at a Fermi level and exhibits metallic behavior in the majority band, the density of 
state of the minority band is zero at the Fermi level. A half-meal is of this case, and 
only up-spin electrons are present at the Fermi level, that is P=1.  
So the mineral greigite can act as a spin filter under the action of an external 
magnetic field to produce spin polarized electrons in a single orientation and to induce 
the synthesis of chiral organic molecules. 
 
 
Fig. 1 Electronic structure of paramagnetic, ferromagnetic and ferromagnetic half-metal materials. 
 
Later, in the evolutionary context, Fe3S4 would have reacted with prebiotic 
peptides and finally evolved into extant Fe-S proteins, whose Fe-S cluster active 
centers are strikingly similar to the iron sulfide minerals in tiny structure [7] and then 
act as a spin filter to induce the asymmetric synthesis of chiral biomolecules. 
However, the cofactors of extant amino acid dehydrogenases, which catalyze the 
synthesis of amino acids, are nicotinamide adenine dinucleotide NAD(P)H but not 
Fe-S cluster [2]. This seeming contradiction does not threaten the suggested model, 
since in evolution the latter might have largely been replaced by NAD(P)H, as shown 
in the Entner-Doudoroff pathway of P. furiosus, which belongs to the most primitive 
organisms [18, 40]. Therefore, I would expect that the enzymes for stereoselective 
synthesis in extant organisms may be evolutionary vestiges of a primordial inorganic 
ancestor.  
 
3.2 ZnS and doped ZnS dilute magnetic semiconductor 
As mentioned above, zinc sulfide (ZnS) is an n-type semiconductor. It can absorb 
UV light with a wavelength shorter than 344 nm to produce conduction band 
electrons and valence band holes. On the other hand, photons of right or left polarized 
light have a projection of the angular momentum on the direction of their propagation. 
When a circularly polarized photon is absorbed by ZnS, this angular momentum is 
distributed between the photo-excited electrons and holes according to the selection 
rules determined by the band structure of the semiconductor (Fig. 2). In nature, there 
exist several sources of circularly polarized light [41-46]. They may penetrate the waters 
of early Earth, reach the surfaces of sphalerite, produce spin polarized electrons or 
holes in ZnS particles, and then trigger prebiotic asymmetric synthesis (Fig. 2). 
 
 
Fig. 2 Proposed reaction scheme diagram for the asymmetric synthesis or degradation of amino 
acids on L- or D-circularly polarized light (CPL) illuminated ZnS surfaces. CB, conduction band; 
VB, valence band. 
ZnS is a paramagnetic II-VI semiconductor material. The density of states of 
up-spin electrons equals to that of down-spin electrons. However, when it is doped by 
magnetic transition metal, the exchange interaction of electrons with magnetic ions 
leads to the giant Zeeman spin splitting of the conduction band. As a result, the 
electron densities in the spin-up and spin-down subbands become different [47-49], just 
like the case of ferromagnetic metal (Fig. 1). A net spin-polarized electric current can 
be obtained, even by linearly polarized light excitation [50, 51] or microwave radiation 
[52].  
 
4. Validation: Additional tests of the suggested model 
According to the above arguments, Fe3S4, ZnS, and transition metal doped dilute 
magnetic ZnS can produce net spin polarized electric currents under the action of a 
magnetic or light field. This symmetry-broken physical factor might have participated 
the prebiotic asymmetric synthesis of biomolecules. 
To test the suggested hypothesis, one can prepare Fe3S4, ZnS, or dilute magnetic 
ZnS to catalyze abiotic syntheses of chiral molecules (for example, the synthesis of 
α-amino acids [23, 29, 30]), by using electrochemical or photochemical methods. In some 
cases, an external magnetic field is needed for the regulation of electron spin. The 
sulfide minerals should be prepared in nanosize since at room temperature the spin 
relaxation time and spin diffusion length of different materials is only about hundreds 
of nanoseconds and several to hundreds of nanometers, respectively. 
 
5. Conclusions 
In this paper, I discussed the electron spin properties of Fe3S4, ZnS, and transition 
metal doped dilute magnetic ZnS, and their possible roles in the prebiotic synthesis of 
chiral molecules. Since the existence of these minerals in hydrothermal vent systems 
is matter of fact, the suggested prebiotic inorganic-organic reaction model, if can be 
experimentally demonstrated, may give a support to the hydrothermal vent theory for 
the origins of life on early Earth. Life is just like a lone boat floating on a boundless 
sea. We don’t know where we came from. The suggested model may tell us the 
answer, just like a light tower in the darkness. 
 
1. Pasteur L., Ann. Chim. Phys. , 1848. 24: p. 442. 
2. Wang, W., Electron spin and the origin of bio-homochirality I. Extant enzymatic reaction 
model. 2013. arXiv:1309.1229  
3. Corliss, J.B., et al., Submarine thermal springs on the Galapagos Rift. Science, 1979. 203: p. 
1073-1083. 
4. Baross, J.A. and S.E. Hoffman, Submarine hydrothermal vents and associated gradient 
environments as sites for the origin and evolution of life. Orig Life 1985. 15: p. 327-345. 
5. Wachtershauser, G., Before Enzymes and Templates: Theory of Surface Metabolism. Microbiol. 
Rev., 1988. 52: p. 452-484. 
6. Holm, N.G., Why are hydrothermal systems proposed as plausible environments for the origin 
of life. Orig Life Evol Biosph, 1992. 22: p. 5-14. 
7. Russell, M.J. and A.J. Hall, The emergence of life from iron monosulphide bubbles at a 
submarine hydrothermal redox and pH front. Journal of the Geological Society, 1997. 154: p. 
377-402. 
8. Martin, W., et al., Hydrothermal vents and the origin of life. Nature Reviews Microbiology, 
2008. 6(11): p. 805-814. 
9. Takai, K. and K. Horikoshi, Genetic diversity of archaea in deep-sea hydrothermal vent 
environments. Genetics, 1999. 152(4): p. 1285-1297. 
10. Shock, E.L., Hydrothermal systems as environments for the emergence of life. in Evolution of 
hydrothermal ecosystems on Earth (and Mars). Edited by Bock G.R and Goode J.A. Wiley, 
Chicbester (Ciba Foudation Symposium 202). p40-60, 1996. 
11. Shock, E.L. and M.D. Schulte, Organic synthesis during fluid mixing in hydrothermal systems. 
Journal of Geophysical Research-Planets, 1998. 103(E12): p. 28513-28527. 
12. Holm, N.G., Why Are Hydrothermal Systems Proposed as Plausible Environments for the 
Origin of Life. Origins of Life and Evolution of the Biosphere, 1992. 22(1-4): p. 5-14. 
13. Hazen, R.M., Life's rocky start. Scientific American, 2001. 284(4): p. 76-85. 
14. Rasmussen, B., Filamentous microfossils in a 3,235-million-year-old volcanogenic massive 
sulphide deposit. Nature, 2000. 405(6787): p. 676-679. 
15. Beinert, H., R.H. Holm, and E. Munck, Iron-sulfur clusters: Nature's modular, multipurpose 
structures. Science, 1997. 277(5326): p. 653-659. 
16. Lill, R., Function and biogenesis of iron-sulphur proteins. Nature, 2009. 460(7257): p. 831-838. 
17. Russell, M.J. and W. Martin, The rocky roots of the acetyl-CoA pathway. Trends in Biochemical 
Sciences, 2004. 29(7): p. 358-363. 
18. Wang, W., et al., FeS/S/FeS(2) Redox System and Its Oxidoreductase-like Chemistry in the 
Iron-Sulfur World. Astrobiology, 2011. 11(5): p. 471-6. 
19. Russell, M.J., et al., 100th anniversary special paper: On hydrothermal convection systems 
and the emergence of life. Economic Geology, 2005. 100(3): p. 419-438. 
20. Rickard, D., I.B. Butler, and A. Oldroyd, A novel iron sulphide mineral switch and its 
implications for Earth and planetary science. Earth and Planetary Science Letters, 2001. 
189(1-2): p. 85-91. 
21. Mulkidjanian, A.Y., On the origin of life in the Zinc world: I. Photosynthesizing, porous edifices 
built of hydrothermally precipitated zinc sulfide as cradles of life on Earth. Biology Direct, 
2009. 4. 
22. Edmond, J.M., et al., Time series studies of vent fluids from the TAG and MARK sites (1986, 
1990) Mid-Atlantic Ridge: a new solution chemistry model and a mechanism for Cu/Zn 
zonation in massive sulphide orebodies Geol. Soc. Spec. Publ., 1995. 87: p. 77-86. 
23. Wang, W., et al., Photocatalytic reversible amination of alpha-keto acids on a ZnS surface: 
implications for the prebiotic metabolism. Chem Commun (Camb), 2012. 48(15): p. 2146-8. 
24. Eggins, B.R., et al., Photoreduction of Carbon-Dioxide on Zinc-Sulfide to Give 4-Carbon and 
2-Carbon Acids. Journal of the Chemical Society-Chemical Communications, 1993(4): p. 
349-350. 
25. Ranjit, K.T., R. Krishnamoorthy, and B. Viswanathan, Photocatalytic reduction of nitrite and 
nitrate on ZnS. J. Photochem. Photobiol. A: Chem., 1994. 81: p. 55-58. 
26. Zhang, X.V. and S.T. Martin, Driving parts of Krebs cycle in reverse through mineral 
photochemistry. Journal of the American Chemical Society, 2006. 128(50): p. 16032-16033. 
27. Guzman, M.I. and S.T. Martin, Prebiotic Metabolism: Production by Mineral 
Photoelectrochemistry of alpha-Ketocarboxylic Acids in the Reductive Tricarboxylic Acid Cycle. 
Astrobiology, 2009. 9(9): p. 833-842. 
28. Guzman, M.I. and S.T. Martin, Photo-production of lactate from glyoxylate: how minerals can 
facilitate energy storage in a prebiotic world. Chem Commun (Camb), 2010. 46(13): p. 
2265-7. 
29. Wang, W., et al., Enhanced Photocatalytic Performance of ZnS for Reversible Amination of 
alpha-oxo Acids by Hydrothermal Treatment. Origins of Life and Evolution of Biospheres, 
2012. 42(4): p. 263-273. 
30. Wang, W., et al., Reversible transformation between alpha-oxo acids and alpha-amino acids 
on ZnS particles: a photochemical model for tuning the prebiotic redox homoeostasis. 
International Journal of Astrobiology, 2013. 12(1): p. 69-77. 
31. Huber, C. and G. Wachtershauser, Activated acetic acid by carbon fixation on (Fe,Ni)S under 
primordial conditions. Science, 1997. 276(5310): p. 245-247. 
32. Nakamura, R., et al., Electrical Current Generation across a Black Smoker Chimney. 
Angewandte Chemie-International Edition, 2010. 49(42): p. 7692-7694. 
33. Kudo, A. and M. Sekizawa, Photocatalytic H-2 evolution under visible light irradiation on 
Ni-doped ZnS photocatalyst. Chemical Communications, 2000(15): p. 1371-1372. 
34. Kudo, A. and M. Sekizawa, Photocatalytic H-2 evolution under visible light irradiation on 
Zn1-xCuxS solid solution. Catalysis Letters, 1999. 58(4): p. 241-243. 
35. Patel, P.C. and P.C. Srivastava, Fe doping in ZnS for realizing nanocrystalline-diluted magnetic 
semiconductor phase. Journal of Materials Science, 2014. 49(17): p. 6012-6019. 
36. Zhu, F., S. Dong, and G.D. Yang, Ferromagnetic properties in Fe-doped ZnS thin films. 
Optoelectronics and Advanced Materials-Rapid Communications, 2010. 4(12): p. 2072-2075. 
37. Yan, H.Y., et al., Ferromagnetic properties of Cu-doped ZnS: A density functional theory study. 
Physica B-Condensed Matter, 2011. 406(3): p. 545-547. 
38. El-Hagary, M., et al., Room-temperature ferromagnetism in Zn1-x Ni (x) S diluted magnetic 
semiconducting nanocrystalline thin films. Journal of the Korean Physical Society, 2013. 
62(12): p. 2093-2098. 
39. Wang, J., et al., The Curie temperature and magnetic exchange energy in half-metallic greigite 
Fe3S4. Physica Scripta, 2011. 83(4). 
40. Daniel, R.M. and M.J. Danson, Did Primitive Microorganisms Use Nonhem Iron Proteins 
in-Place of Nad/P. Journal of Molecular Evolution, 1995. 40(6): p. 559-563. 
41. Schmidt, G.D., et al., The New Magnetic White-Dwarf Pg 1031 + 234 - Polarization and Field 
Structure at More Than 500 Million Gauss. Astrophysical Journal, 1986. 309(1): p. 218-229. 
42. Bonner, W.A. and E. Rubenstein, Supernovae, Neutron-Stars and Biomolecular Chirality. 
Biosystems, 1987. 20(1): p. 99-111. 
43. Bargueno, P. and R.P. de Tudela, The role of supernova neutrinos on molecular homochirality. 
Origins of Life and Evolution of Biospheres, 2007. 37(3): p. 253-257. 
44. Bailey, J., et al., Circular polarization in star-formation regions: Implications for biomolecular 
homochirality. Science, 1998. 281(5377): p. 672-674. 
45. Lucas, P.W., et al., UV circular polarisation in star formation regions: The origin of 
homochirality? Origins of Life and Evolution of the Biosphere, 2005. 35(1): p. 29-60. 
46. Law, G.L., et al., Circularly Polarized Luminescence of Curium: A New Characterization of the 
5f Actinide Complexes. Journal of the American Chemical Society, 2012. 134(37): p. 
15545-15549. 
47. Schmidt, G. and L.W. Molenkamp, Dilute magnetic semiconductors in spin-polarized 
electronics (invited). Journal of Applied Physics, 2001. 89(11): p. 7443-7447. 
48. Saito, K., et al., Direct observation of relaxation dynamics of spin-polarized electrons excited 
at a higher-energy spin-split subband in a diluted magnetic semiconductor quantum well. 
Applied Physics Letters, 2007. 90(26). 
49. Hong, S.P., K.S. Yi, and J.J. Quinn, Self-consistent electronic structure of spin-polarized dilute 
magnetic semiconductor quantum wells. Physical Review B, 2000. 61(20): p. 13745-13752. 
50. Schmalbuch, K., et al., Two-Dimensional Optical Control of Electron Spin Orientation by 
Linearly Polarized Light in InGaAs. Physical Review Letters, 2010. 105(24). 
51. Crankshaw, S., et al., Electron Spin Polarization Induced by Linearly Polarized Light in a (110) 
GaAs Quantum-Well Waveguide. Physical Review Letters, 2009. 102(20). 
52. Drexler, C., et al., Spin polarized electric currents in semiconductor heterostructures induced 
by microwave radiation. Applied Physics Letters, 2010. 97(18). 
 
 
